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li.  Abstract 

The  International  Bank  for  Airborne-Omega  Data  continued  operation  at  the  Federal 
Aviation  Administrat ion  ( FAA;  Technical  Center.  This  report,  issued  by  the  Data 
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Pacific.  These  data  were  collected  during  the  winter  1980  through  spring  1981. 
There  were  three  major  contributors  to  the  Omega  Data  Bank  during  this  period 
operating  the  same  equipment  types. 

Operationally  usable  signals  corresponded  quite  well  with  Omega  signal  coverage 
prediction  diagrams  published  by  Omega  Navigation  System  Operational  Detail/tWSOD) - 
Exceptions  were  noted  from  Ellesmere  Island  over  the  Artie  Ocean  for  the  Liberia, 
Hawaii,  North  Dakota,  and  Japan  signals  for  the  specific  months  and  times  of  the 
data  flights. 

During  the  months  when  the  above  flights  were  made,  there  were  114  solar  flares  (of 
magnitude  M2  or  greater),  10  were  coincident  with  recorded  flight  data.  Several 
large  magnetic  solar  flares  peaked  during  aircraft  data  recording;  however,  no 
effects  were  discernible  on  observed  s ignal-to-noise  ratiop  (SNR's)  values. 
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INTRODUCTION 


PURPOSE . 

This  report  is  the  third  in  a  series  of  periodic  technical  reports  which  provide  a 
standardized  data  presentation  of  Omega  signal  coverage,  as  measured  by  production 
airborne-Omega  navigation  systems  over  routes  of  commercial  interest  under  various 
signal  environments  (e.g.,  propagation  problem  regions,  high  solar  activity).  If 
an  independent  onboard  position  reference  system  was  available  and  recorded,  then 
Omega  position  differences  are  also  presented. 


BACKGROUND. 


An  International  Bank  for  Airborne-Omega  Data  is  in  operation  at  the  Federal 
Aviation  Administration  (FAA)  Technical  Center.  This  Data  Bank  is  designed  to: 

(1)  produce  empirical  signal  coverage  charts  based  upon  data  obtained  from  several 
different  airborne-Omega  navigation  systems  over  routes  of  commercial  interest; 

(2)  provide  a  measure  of  the  range  of  s ignal-to-no ise  ratios  (SNR's)  levels 
obtainable  for  different  factors  which  include  type  of  Omega  set,  aircraft 
installation  configuration,  geographic  location,  seasonal  changes,  and  effects  of 
high  solar  activity;  (3)  help  define  coverage  "holes"  and  marginal  areas  where 
certain  circumstances  may  produce  a  hole;  (4)  examine  the  role  that  the  very  low 
frequency  (VLF)  option  plays  in  those  Omega  Navigation  Systems  (ONS's)  equipped  to 
receive  the  United  States  (U.S.)  Navy  VLF  stations  as  a  backup  to  Omega;  (5) 
provide  real-world  information  to  enhance  theoretical  inputs  for  simulation  of 
proposed  new  routes;  and  (6)  provide  the  capability  to  develop  a  statistical  data 
base  on  Omega  accuracy  along  world-wide  air  routes  if  contributors  exercise  the 
option  to  allow  the  recording  of  the  Inertial  Navigation  System  (INS)  for  later 
position  comparison  with  the  Omega  data. 

The  Data  Bank  is  required  to  handle  large  quantities  of  Omega  data  from  various 
types  of  aircraft  and  from  several  models  of  Omega  navigation  systems.  Therefore, 
standardization  of  data  recording,  data  processing,  and  reporting  procedures  is 
mandatory.  To  optimize  the  efficiency  of  the  Data  Bank,  the  FAA  Technical  Center 
designed  an  airborne  interface  and  recording  set  which  could  be  easily  installed 
and  operated  by  commercial  air  carrier  operators.  Since  the  ONS  data  output  varied 
among  ONS  manufacturers,  it  was  necessary  to  specially  design  the  interface  boards 
for  five  types  of  ONS's.  The  specified  design  for  the  recording  system  was  then 
furnished  to  Base  Ten  Systems  Incorporated  with  directions  to  manufacture  20 
cassette  recorders  for  the  Technical  Center  to  lend  to  Data  Bank  contributors. 
Once  a  recorder  is  installed  on  a  contributor's  aircraft,  data  are  collected  along 
normal  air  routes  and  the  cassette  data  tapes  are  mailed  to  the  Technical  Center 
for  processing  and  analysis. 

Flight  data  are  broken  down  to:  geographic  location  (648  cells  as  shown  in 
figure  1),  date,  time  of  day,  season,  propagation  path  illumination,  known  problem 
regions,  time  correlations  with  both  solar-geophysical  events,  and  transmitter 
outages . 

Data  collected  during  each  season  from  all  contributors  are  analyzed  and  results 
presented  in  a  periodic  Data  Bank  report.  The  Data  Bank  also  offers  three 
standardized  data  listings  and  plots  for  individual  flights.  Contributors  may 
submit  written  requests  to  obtain  the  listings/plots  desired  and/or  to  arrange  for 
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special  listings  which  best  fit  their  needs.  Details  of  the  Data  Bank  structure 
and  procedures  are  provided  in  separate  reports  published  by  the  FAA  Technical 
Center:  report  No.  DOT-FAA-CT-80-191 ,  "System  Description  for  the  Airborne-Omega 
Data  Bank";  the  "Initial  Data  Bank  Report,"  covering  fall  1978  through  winter  1980, 
report  No.  DOT-FAA-CT-80-189 ;  and  the  "Omega  Data  Bank  Spring  through  Fall  1980," 
report  No.  DOT/FAA/CT-82-5 . 


DATA  BANK  REPORT 


SUMMARY  OF  FLIGHT  ACTIVITY. 

There  were  three  contributors  for  the  reporting  period  December  1980  to  May  1981. 
The  ONS  types  flown  were  three  Canadian  Marconi  CMA-740/CMA-771 '  s  (355  flight  data 
hours,  combined).  The  air  routes  flown  include  the  North  and  South  Atlantic,  parts 
of  the  Caribbean  to  the  Continential  U.S.,  Central  and  South  America,  and  Canada 
and  the  North  Pacific  (see  figures  2  through  14,  respectively).  Events  or  regional 
conditions  which  have  affected  Omega  reception  or  navigation  data  collected  by  the 
contributors  during  the  reporting  period  are  shown  in  table  1. 


TABLE  1 .  REG IONS /EVENTS  WHICH  AFFECT  OMEGA  PROPAGATION 


Propagation  Problem  Regions 

Information  Source 

1 . 

Greenland  and  Ice  Cap  Shadow 

Westinghouse  Conductivity  Map 

2. 

Antarctica  Ice  Cap  Shadow 

Westinghouse  Conductivity  Map 

3. 

Nighttime  Modal  Interference 
(10.2  kilohertz  (kHz)) 

0NS0D 

4. 

North  Auroral  Zone  Shadow 

Davies:  Ionospheric  Radio 

5. 

South  Auroral  Zone  Shadow 

Propagation,  April  1965,  pp.  34-35 
(NBS  monograph  80) 

6. 

High  VLF  Noise  Area 

CCIR  322  publication 

Events 

Information  Source 

I. 

Solar  X-Ray 8 

NOAA  "Preliminary  Report  and  Forecast 
of  Solar  and  Geophysical  Data  (PRF)" 
(weekly) 

2. 

Polar  Cap  Disturbance  (PCD) 

0NS0D  Teletypes 

3. 

Magnetic  Storm 

NOAA  "PRF"  (weekly) 

4. 

Station  Power  Reduction/Outage 

0NS0D  Teletype  (weekly) 

Note:  0NS0D  *  Omega  Navigation  System  Operations  Detail  (U.S.  Coast  Guard) 
NOAA  *  National  Oceanic  and  Atmospheric  Administration 
CCIR  *  International  Radio  Consultative  Committee 
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SOLAR-GEOGRAPHICAL  EVENTS  COINCIDENT  WITH  FLIGHTS. 

SOLAR-GEOGRAPHICAL  EVENTS  COINCIDENT  WITH  FLIGHTS. 

The  events  coincident  with  flight  times  for  each  contributor  are  listed  in  table  2. 
Several  Large  magnitude  solar  flares  occurred  during  the  flights:  February  26, 
1981,  X4;  February  24,  1981,  X2 ;  May  13,  1981,  XI;  and  May  16,  1981,  XI.  However, 
no  effects  were  discernible  insofar  as  system  action  or  reco: led  data  were 
concerned.  The  other  listed  events  were  of  similar  magnitude  and  also  produced  no 
observed  or  recorded  effects  on  the  contributor's  ONS.  An  explanation  of  the 
magnitude  and  classification  of  the  multiple  events  can  be  found  in  reference  1. 

OPERATIONALLY  USABLE  SIGNALS. 

SNR's  for  each  Omega  signal  were  examined  from  airborne  data  recordings  to  deter¬ 
mine  operational  signal  coverage.  Usable  signals  are  defined  as  those  within  a 
given  cell  which  have  SNR  above  threshold  greater  than  80  percent  of  the  time  and 
are  deselected  less  than  20  percent  of  the  time.  These  signals  are  identified  on  a 
geographic  chart  for  each  cell  traversed  during  a  flight  and  are  compared  with 
station  coverage  contours  published  in  Omega  Signal  Coverage  Prediction  Diagrams 
for  10.2  kHz  (reference  2).  The  published  ONSOD  prediction  diagrams  show  the 
global  accessibility  of  "usable"  10.2  kHz  signals  at  eight  fixed  diurnal/seasonal 
times  for  two  signal  access  criteria.  Criterion  I  requires:  SNR  >-20  decibels  (dB) 
(in  a  100  hertz  (Hz)  noise  bandwidth)  and  A$  <20  centicycles  (CEcT,  where  A$  is  the 
modal  interference  induced  phase  deviation  in  the  signal  phase  relative  to  the 
reference  signal  phase.  Criterion  II  differs  from  Criterion  I  in  that  the  SNR 
is  >_-30  dB.  The  eight  Omega  station  diagrams  are  presented  over  eight  --elected 
coverage  times  for  a  total  of  64  individual  diagrams.  Each  diagram  contains  the 
SNR  and  A$  contours  for  a  designated  signal  access  criterion  and  coverage  time. 

During  the  winter  1980-1981  and  spring  1981,  Contributor  No.  08  followed  the  South 
America- Caribbean  Sea  flight  route  shown  in  figure  3.  From  the  data  recorded 
during  these  flights,  two  composite  diagrams,  one  for  winter  and  one  for  spring 
flights,  are  shown  as  figures  4  and  5,  respectively. 

These  figures  depict  the  Omega  signals  which  were  received  with  an  operationally 
usable  signal  strength  in  each  cell  on  the  flightpath.  The  letter  designators  for 
each  station  are  as  follows: 

A  a  Norway 
B  =  Liberia 
C  =  Hawaii 
D  =  North  Dakota 
E  =  La  Reunion 
F  =  Argentina 

G  =  Australia  (Station  has  been  declared  operational  and  is  now  usable  for 
navigation.  Trinidad  station  operation  was  discontinued  on 
December  31,  1980.) 

H  =  Japan 

In  reviewing  usable  signals  present  in  figures  4  and  5,  Station  E  at  La  Reunion  is 
shown  as  an  example  of  the  analysis  performed  to  determine  station  performance. 
Both  composites  showed  that  selection  of  Station  E  above  an  imaginary  line  extend¬ 
ing  from  latitude  10'  S  was  not  attempted  and  automatic  deselection  was  made  by  the 
Omega  computer. 
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TABLE  2.  SOLAR-GEOPHYSICAL  EVENTS  COINCIDENT  WITH  FLIGHTS 


Contributor 

05 


08 


Date 

Event 

Magnitude 

12/12/80 

1 

M4 

12/12/80 

4 

G 

12/12/80 

5 

W 

1/5/81 

1 

M5 

1/15/81 

4 

H 

1/15/81 

5 

W 

2/13/81 

4 

H 

2/16/81 

4 

H 

2/23/81 

4 

H 

2/23/81 

5 

L 

2/24/81 

1 

XI 

2/24/81 

4 

H 

2/25/81 

2 

1/4 

2/25/81 

4 

D 

2/26/81 

1 

X4 

2/26/81 

2 

1/4 

2/26/81 

3 

6 

3/10/81 

4 

F 

3/23/81 

4 

F 

4/1/81 

1 

M4 

4/1/81 

3 

6 

4/1/81 

4 

H 

4/8/81 

1 

H 

4/8/81 

4 

M5 

4/8/81 

4 

H 

2/24/81 

1 

X2,M3 

2/24/81 

5 

L 

2/25/81 

2 

1/4 

2/25/81 

3 

7 

2/26/81 

2 

1/4 

2/26/81 

3 

6 

3/5/81 

3 

6 

3/7/81 

1 

M2 

3/7/81 

3 

6 

3/14/81 

3 

9 

3/14/81 

4 

7 

5/13/81 

1 

XI 

5/13/81 

4 

F 

5/13/81 

5 

1 

5/16/81 

1 

XI 

5/16/81 

3 

7 

5/16/81 

4 

H 

5/18/81 

3 

7,8,8 

5/19/81 

5 

L 

5/23/81 

3 

6 

4 


The  La  Reunion  (E)  prediction  diagrams  (figure  7)  show  a 
encompasses  most  of  the  upper  part  of  South  America. 


i#  contour  envelope  wh 
The  primary  reason 


automatic  deselection  was  unacceptable  A$,  where  the  SNR  was  greater  than  -JO 


in  more  than  70  percent  of  the  cells  flown.  Analysis  of  this  type  was  performed 
verify  the  cell  coverage  of  other  stations. 
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Further  signal  analysis  of  figure  4,  winter  1980  flights,  indicates  that  the 
Omega  set  used  by  Contributor  08  consistently  received  Stations  A,  C,  D,  and  F 
in  all  cells,  and  Station  H  in  cell  numbers  348,  349,  385,  386,  422,  and  423. 

Station  G  (Trinidad)  was  on  the  air  until  December  31,  1981,  however,  this  set  did 
not  select  its  transmissions  for  navigational  use. 

Station  B  (Liberia)  was  automatically  deselected  by  the  equipment  during  this  time 
period.  The  prediction  diagram  indicated  that  the  SNR  was  in  the  acceptable 
region,  but  outside  the  20  CEC  boundary.  The  predicted  region  for  modal  inter¬ 
ference  extends  east  of  the  station  (being  coincident  with  the  geometric  equator) 
extending  into  the  northwestern  and  southeastern  quadrant  areas  with  respect  to 
the  station  (see  figure  9b).  The  modal  interference  was  the  main  cause  for 
dese lect  ion . 


Station  H  (above  the  equator)  was  received  in  cell  numbers  423,  422,  386,  385, 

349,  and  348.  The  coverage  prediction  diagram  for  this  station  shows  that  the  S/N 
contour  was  in  the  -20  dB  region  with  the  40  being  acceptable.  Flight  data 
indicated  good  correlation  with  the  ONSOD  coverage  prediction  diagram  for  a  -20  dB 
receiver.  The  deselection  of  Station  H  below  latitude  0°  (equator)  in  cell 
numbers  312,  276,  275,  and  239  show  the  SNR  level  was  in  the  -30  dB  region, 
with  A#  in  the  nonacceptable  region  off  the  coast  of  South  America  encompassing 
cell  numbers  239,  275,  and  portions  of  276.  This  Omega  set  was  somewhat  conserva¬ 
tive  and  deselected  after  its  transition  below  the  equator. 

Figure  5  shows  the  composite  data  for  spring  1981  flights  from  Rio  de  Janerio, 
Brazil,  to  Miami,  Florida,  by  Contributor  08  following  the  same  route  structure. 
Reception  closely  resembles  the  previous  winter  1980-1981  composite.  The  letter  V, 
shown  in  figure  5,  indicates  the  VLF  option  was  used  during  the  flight  from  Miami, 
Florida.  The  VLF  signal  used  was  introduced  into  the  position  resolution  process 
during  the  flight  through  cell  386  at  0200  Greenwich  mean  time  (GMT).  This 
addition  of  the  VLF  option  on  the  Omega  set  provided  more  complete  coverage 
capability.  It  was  activated  through  cell  numbers  385,  349,  348,  312,  274,  and  239 
until  flight  termination  at  Rio  de  Janerio. 

The  letter  designators  used  for  all  VLF  stations  are  as  follows: 

S  -  Australia 
J  -  Japan 
Y  -  England 
M  -  Maine  (USA) 

L  -  Hawaii  (USA) 

P  -  Annapolis,  Maryland  (USA) 

W  -  Washington  State  (USA) 


The  VLF  stations  received  for  position  processing  were:  M,  L,  P,  and  W. 


The  ONS  will  continuously  estimate  position  error  on  the  basis  of  signal  quality 
and  1 ine-of-pos it  ion  geometry.  Normal  error  values  range  between  1.0  and  1.3 
nautical  miles,  should  this  estimate  increase  to  2.0  or  more  nautical  miles  as  a 
result  of  Omega  signal  degradation,  then  the  VLF  function  is  brought  into  the 
system  to  supplement  the  position  determination. 

The  coverage  diagram  for  the  cells  and  two  digit  numbers  inclusive,  shown  in 
figure  6,  represent  the  GMT  hours  for  the  flight  which  were  flown  over  a  2-day 
segment . 

This  flight  made  by  Contributor  08  during  May  2-3,  1981,  followed  a  southerly 
flight  route  out  of  Mexico  City  to  Rio  De  Janerio  and,  eventually,  on  to  Buenos 
Aires,  Argentina. 

Station  B  (Liberia)  was  deselected  in  all  cells  above  Latitude  20°  S.  This 
compares  favorably  with  figures  4  and  5  (winter-spring)  data.  Comparing  against 
the  signal  coverage  prediction  diagram  for  this  station,  the  SNR  of  -30  dB  was 
superimposed  over  the  path  flown  from  Mexico  City  to  cell  number  349.  The 
remaining  cells  SNR  lie  in  the  -20  dB  contour. 

The  throughout  the  total  flight  route  exceeded  the  20  CEC  value,  which  negated 
usage  of  Station  B.  This  contributor  set  deselected  to  protect  against  modal 
interference. 

The  only  exception  was  the  reception  of  Station  B  during  the  hours  after  1100  GMT 
in  cell  numbers  239,  240,  and  204.  The  prediction  diagram  indicates  Station  B  with 
a  SNR  at  -20  dB  also  had  a  favorable  A$  of  £20  CEC  during  this  time  period. 

Station  A  signal  reception  during  departure  from  Mexico  City  presented  marginal 
signal  due  to  the  shadow  effect  by  Greenland.  This  station  was  deselected  in  cell 
number  388  momentarily,  reselected  during  transition  through  cell  387,  and  locked 
into  the  equipment  until  landing  at  Rio  De  Janerio. 

Station  E  (La  Reunion)  was  not  received  in  any  of  the  cells  flown.  ONSOD  coverage 
prediction  diagram  for  both  0600  GMT  and  1800  GMT  indicates  that  the  SNR  was 
beyond  the  -30  dB  boundary  and  the  Af  greater  than  20  CEC  for  all  cells  above  a 
line  extending  through  latitude  10°  S.  The  cells  numbers  affected  were  388,  387, 
350,  349,  313,  312,  and  portions  of  276.  All  other  cells  were  in  the  acceptable 
region  for  a  -30  dB  receiver,  but  were  not  selected  by  the  Omega  set. 

An  SNR  of  -20  dB  (in  a  100  Hz  bandwidth)  has  been  considered  the  threshold 
for  usable  Omega  signals.  With  the  introduction  of  new  technology  receivers,  this 
lower  value  has  been  extended  to  -30  dB  as  a  more  realistic  value. 

Deficiency  of  Station  H  (Japan)  in  cell  numbers  313,  312,  276,  275,  240,  and 
239  can  be  explained  by  the  prediction  diagram  indicating  an  SNR  >-30  dB  outside 
the  boundary;  the  equipment  deselected  automatically. 

South  America  to  Europe  flights,  made  by  Contributor  08  during  the  winter  1980-1981 
and  spring  1981,  followed  the  route  shown  in  figure  3.  Flight  data  were  recorded 
from  0100  through  1100  GMT.  Usable  signals  are  presented  in  composite  figures  8 
and  9. 
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In  figure  8,  cell  numbers  239,  274,  275,  310,  345,  346,  381,  417,  416,  452,  and 
487  consistently  received  Omega  signals  from  stations  A,  C,  D,  E,  and  F. 


Stations  deselected  were  B  and  H  in  cells  below  latitude  20°  N  bracketed  between 
longitude  0°  W  through  30°  W.  Correspondence  were  verified  with  prediction  dia¬ 
grams  for  Station  B  where  was  beyond  limits,  and  for  station  H  where  the  SNR  was 
greater  than  -30  dB  through  all  cells  below  the  same  latitude. 

Omega  coverage  was  generally  consistent  with  the  ONSOD  coverage  diagram,  and  the 

Omega  set  computer  chose  deselection  as  protection  against  marginal  signals  for 

these  stations. 

Composite  of  figure  9  for  the  spring  1981  route  from  South  America  to  Europe 

indicates  Stacion  A  (Norway)  was  received  in  all  cells  throughout  the  flightpaths 
flown . 

Station  B  (Liberia)  was  deselected  in  cell  numbers  276,  310,  311,  345,  346,  and  382 

to  protect  against  the  modal  interference  which  extends  outward  and  east  of  the 

station  during  the  spring  (see  shaded  area  in  figure  10).  Normal  usable  station 
coverage  was  found  in  cell  numbers  381,  417,  418,  452,  451,  and  487.  The  remaining 
cell  numbers  274,  275,  and  239  were  on  the  border  line  for  being  considered 
unusable  when  comparing  SNR  and 

Stations  C  and  D  were  usable  in  all  cells  flown  except  for  Station  C  being 
deselected  in  cell  number  487. 

Station  E  (La  Reunion)  was  deselected  in  cell  numbers  311  ,  276,  and  382.  The 

prediction  diagram  (see  figure  7)  verifies  that  <20  CEC  boundary  extended  midway 
between  South  America  along  0°  latitude,  which  caused  the  Omega  set  to  deselect. 
The  asterisk  (station  usability  dependent  upon  time  of  day)  marking  the  remaining 
cells  of  Station  E  are  due  to  the  4$  contour  which  was  expanding  in  an  ever 

increasing  contour  line  from  0600  GMT.  This  eventually  covered  the  entire  flight 

route  flown.  Diurnal  effects  are  not  linear  and  interpolating  for  times  other  than 
what  is  published  requires  that  extreme  care  be  used. 

Station  F  (Argentina)  exhibited  strong  correlation  with  the  prediction  diagram 
where  a  signal  was  received  in  all  cells  flown.  Station  H  (Japan)  was  automati¬ 
cally  deselected  by  the  equipment  in  cell  numbers  239,  274,  275,  276,  310,  31  1, 
345,  346,  381  ,  and  382  .  This  northern  hemispheric  station  exhibits  a  region  of 
modal  interference  in  the  southwestern  quadrant  covering  a  large  area  of  South 
America  and  the  Atlantic  Ocean  (reference  3).  The  flightpath  above  latitude  15° 
between  longitude  15°  and  45°  W  show  signal  reception  in  cells  417,  416,  452,  451, 
and  487.  Stations  marked  with  an  asterisk  were  not  usable  all  of  the  time  because 
the  -30  dB  coverage  contour  passed  through  the  cell  which  varied  with  the  time  of 
day  . 

Canada  -  Greenland  flights,  made  by  Contributor  05  during  the  winter-spring 
1981,  followed  the  flightpath  shown  in  figure  11. 

The  Omega  set  used  was  equipped  with  VLF  backup.  Cells  in  which  VLF  was  sometimes 
used  to  supplement  Omega  are  marked  with  V  and  are  shown  in  figures  12  and  13.  It 
is  noted  that  the  Omega  set  reverted  to  the  VLF  mode  whenever  the  SNR  number  for 
Station  A  (Norway)  was  low,  between  1900  and  0800  (Greenland  night);  or  whenever 
SNR  for  Station  H  (Japan)  was  low,  between  0800  and  1900  GMT. 
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The  operationally  usable  signal  chart  (figure  12)  shows  that  the  Omega  set  03 
received  Stations  A,  C,  D,  F,  and  H  with  good  correlation  being  obtained  when 
comparing  the  results  with  the  ONSOD  coverage  prediction  diagrams.  In  addition, 
Station  A  coverage  in  cell  numbers  530,  531,  533,  and  494  were  affected  by 
shadowing  of  the  Greenland  Ice  Cap. 

Deselection  of  Station  B  occurred  in  cell  numbers  569,  570,  571,  572,  533,  605,  and 
606,  all  cells  being  West  of  longitude  100°.  Deselection  was  generally  consistent 
with  the  prediction  as  compared  with  the  coverage  diagrams,  and  usually  was  due  to 
above  threshold  SNR  or  A$  values  that  exceeded  the  limiting  phase  deviation 
criteria. 

Station  C,  D,  and  H,  showed  strong  signal  coverage  in  all  cells  flown.  No  indica¬ 
tion  of  modal  interference  from  Station  D  (North  Dakota)  was  found  in  cell  numbers 
532,  533,  or  495  that  were  in  the  "near-field"  region  (=^00  to  600  kilometers 
(km))  radius  of  the  station  (reference  3). 

Station  E  (La  Reunion)  deselection  in  all  cells  except  605,  571,  and  572  is,  again 
reinforced  by  reviewing  the  appropriate  predictions  chart  (see  figure  7);  region 
of  influence  extended  from  latitude  40°  N  on  the  La  Reunion  Feb  0600  GMT  chart, 
expanding  upward  to  79°  N  on  the  1800  GMT  coverage  chart. 

Station  F,  depending  on  time  of  day,  indicated  above  normal  values  for  in  all 
cells  west  of  longitude  100°  during  night  transmissions.  In  addition,  SNR's 
>30  dB  prevented  adequate  reception  above  latitude  60°  N,  as  shown  in  figure  12. 
The  only  exception  was  reception  of  Station  F  in  cell  numbers  565  and  571. 

Station  G  was  not  considered  in  the  analysis,  one  flight  occurring  on  December  12, 
1980,  was  auto-deselected  by  the  equipment.  Station  H  had  usable  signals  for  all 
cells  flown,  which  was  verified  by  the  ONSOD  coverage  diagram. 

The  operationally  usable  signal  chart  (figure  13)  shows  no  reception  of  Station  A 
in  cell  numbers  531,  570,  569,  568,  605,  and  603.  This  signal  absence  should  also 
have  included  cell  numbers  567,  532,  and  495, which  were  enclosed  by  the  boundary 
envelope  SNR  _>-30  dB  through  mid-Canada.  Possibly,  this  Omega  set  selected  levels 
slightly  above  threshold  for  processing  verification.  The  VLF  mode  was  not 
activated  in  those  cells. 

Station  B  coverage  was  as  predicted,  with  sporadic  coverage  in  cells  east  of 
longitude  90°  W  bounded  by  latitude  70°  N.  Deselection  was  complete  above  70°  N, 
which  corresponded  with  the  -30  dB  contour  coverage  diagram. 

Comparing  signal  coverage  prediction  diagram  for  Stations  C,  D,  and  H  against  the 
flight  data  recorded,  the  SNR  of  -20  dB  contour  superimposes  over  the  flightpath 
flown  for  acceptable  signal  reception.  Station  E  (La  Reunion)  was  deselected 
completely  throughout  Canada.  The  coverage  prediction  diagram  indicates  that 
A*  <20  CEC  for  Station  E  was  exceeded.  This  accounted  for  the  deselection  soft¬ 
ware  to  be  activated  in  the  Omega  set.  Station  G  was  not  operational  during  this 
period . 

There  were  two  stations  that  were  deselected,  Station  F's  signal  above  latitude 
60°  N  was  not  received,  the  prediction  diagram  verifies  an  SNR  <_-30  dB  range  for 
this  location;  Station  C's  signal  in  cell  numbers  602,  603,  and  627  through  638 
should  also  have  been  processed  as  an  acceptable  signal,  but  were  deselected. 


Data  recorded  outbound  above  latitude  80°  N  from  Alert,  Ellesmere  Island  over  the 
Arctic  Ocean,  shows  that  Station  A  (Norway)  was  received  consistently.  Reception 
was  intermittent  for  Stations  C,  D,  and  H  with  constant  Omega  receiver  recycling 
through  a  dead  reckoning  (DR)  mode  of  operation.  Station  B  was  completely 
deselected  throughout  the  Arctic  flight.  VLF  backup  was  used  to  supplement  Omega 
through  cell  numbers  636  through  632,  inclusive. 

Limited  flights  by  Contributor  09  over  the  North  Pacific  Ocean  were  flown,  as  shown 
in  figure  14.  Data  were  recorded  from  1800  through  2200  GMT,  with  usable  signal 
coverage  of  cells  presented  in  figure  15. 

Stations  A,  B,  C,  D,  E,  and  H  were  received  in  cell  numbers  364,  400,  and  437 
during  the  flight  from  Guam  to  Tokyo,  Japan. 

Coverage  prediction  diagrams  (figure  16)  for  A,  B,  E,  and  H  indicate  the  SNR  at 
-20  dB.  The  signal  for  Stations  C  and  D  in  cell  number  364  fell  within  the  _>30  dB 
boundary . 

The  factor  for  deselection  of  Station  F  was  modal  interference  where  <20  CEC  was 
exceeded  in  all  cells  enclosed  by  the  contour  envelope.  The  software  sensing  the 
excessive  phase  value,  proceeded  to  deselect  the  station  from  further  signal 
processing. 

Reviewing  a  listing  of  the  processed  contributor  data,  a  snapshot  of  cell  number 
400  from  1919  to  2007  GMT  is  shown  in  figure  17.  The  received  SNR's  for  Omega 
Stations  A  through  H  for  three  primary  frequencies  of  10.2,  13.6,  and  11.3  kHa 
are  shown. 

An  explanation  of  the  SNR  numerical  values  between  0  and  9  represents  relative 
SNR  values  for  eight  consecutive  numerical  digits  for  Stations  A  through  H  on  each 
frequency . 

The  SNR  number  for  that  particular  station  (A  through  H)  will  show  the  strongest 
signals  pegged  at  9;  marginal  signals  will  show  relatively  low  SNR  values. 
It  should  be  noted  that  the  SNR  values  presented  here  are  not  directly  comparable 
among  different  types  of  ONS;  the  SNR  values  are  provided  for  relative  comparisons 
between  stations  and  frequencies  received  by  the  particular  ONS  operated  by  a 
contributor . 

The  numerical  SNR  values  8  or  9  appear  for  Stations  A,  B,  E,  and  H  in  the  assigned 
vertical  column  indicating  a  maximum  signal  received  during  this  flight  period. 
This  sample  was  compared  against  the  total  number  of  samples  in  each  cell  to 
determine  usability.  When  a  station  was  above  threshold  80  percent  of  the  time, 
the  station  was  declared  usable  in  the  cell. 

A  signal  value  of  0  or  1  represents  a  marginal  or  nonopera t ional  station,  which 
usually  was  deselected  by  the  Omega  set  software.  An  example  can  be  found  in 
reviewing  column  G,  where  transmissions  were  terminated  on  December  31,  1980.  An 
additional  explanation  regarding  these  data  can  be  found  in  reference  4. 

COMMENTS . 

1.  This  third  report  issued  by  the  Data  Bank  is  based  upon  355  hours  of  data 
collected  during  the  period  from  winter  1980  through  spring  1981.  During  the 
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months  when  these  flights  were  made,  there  were  114  solar  flares  (of  magnitude  M2 
or  greater),  but  only  10  were  coincident  with  recorded  flight  data,  which  had  no 
significant  effect  on  observed  SNR  values. 

2.  Operationally  usable  Omega  signals  derived  from  the  contributor  data  cor¬ 
responded  quite  well  with  the  Omega  signal  coverage  prediction  diagrams  published 
by  ONSOD.  Loss  of  reception  of  certain  signals  due  to  time  of  day  or  to  seasonal 
variations  are  coincident  with  predictions  in  most  instances. 

3.  Exceptions  to  the  prediction  diagrams  were  noted  for  Station  E  (La  Reunion) 
near  the  coast  of  Brazil  (cells  274,  310,  and  346)  during  flights  by  Contributor 
08.  The  prediction  diagram  indicated  a  -20  dB  contour  and  favorable  during  the 
daylight  hours,  although  equipment  deselected  Station  E. 

4.  Another  exception  was  noted  on  Contributor  05  flights  over  Canada's  Northwest 
Territories.  Station  C  (Hawaii)  should  have  been  received  in  cell  numbers  602  and 
603  and  was  not.  The  signal  from  Station  C  is  predicted  to  be  usable  throughout 
the  area  flown  for  all  times  of  the  year. 

5.  Station  B  (Liberia)  SNR  was  usually  above  signal  level  7  throughout  most  of  the 
flight  in  South  America  in  cell  numbers  239,  274,  310,  346,  and  345.  Automatic 
deselection  by  Omega  set  software  protected  against  modal  interference,  with  Omega 
set  reselection  occurring  during  the  early  morning  hours. 
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FIGURE  5.  OPERATIONALLY  USABLE  SIGNALS:  SOUTH  AMERICA- CARI BBEAN ,  SPRING  1981 
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FIGURE  6.  OPERATIONALLY  USABLE  SIGNALS:  SOUTH  AMERICA-CENTRAL  AMERICA,  SPRING  1981 
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FIGURE  9.  OPERATIONALLY  USABLE  SIGNALS:  SOUTH  AMEKICA-EUROPE ,  SPRING  1981 
(000-0100  GMT) 
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FIGURE  11.  FLIGHTPATH  FOR  CONTRIBUTOR  NO.  05,  1 
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FIGURE  12 .  OPERATIONALLY  USABLE  SIGNALS:  CANADA-GREENLAND ,  WINTER  1981 
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ARGENTINA  (F)  MAY  0600  GMT 


FIGURE  26.  OMEGA  SIGNAL  COVERAGE  PREDICTION  D I AG  RAM  ARGENTINA  ( F)  (MAY  0600  -  1800  GMT)  (SHEET 
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FIGURE  16.  OMEGA  SIGNAL  COVERAGE  PREDICTION  DIAGRAM  ARGENTI 
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